Infant and childhood nutrition influences short-and long-term health. The objective of the present paper has been to explore dietary patterns and their associations with child and parent characteristics at two time points. Parents of Norwegian 2-year-olds were, in 1999 (n 3000) and in 2007 (n 2984), invited to participate in a national dietary survey. At both time points, diet was assessed by a semiquantitative FFQ that also provided information on several child and parent characteristics. A total of 1373 participants in the 1999 sample and 1472 participants in the 2007 sample were included in the analyses. Dietary patterns were identified by principal components analysis and related to child and parent characteristics using the general linear model. Four dietary patterns were identified at each time point. The 'unhealthy' and 'healthy' patterns in 1999 and 2007 showed similarities with regard to loadings of food groups. Both the 'bread and spread-based' pattern in 1999 and the 'traditional' pattern in 2007 had high positive loadings for bread and spreads; however, the 'traditional' pattern did also include positive associations with a warm meal. The last patterns identified in 1999 and in 2007 were not comparable with regard to loadings of food groups. All dietary patterns were significantly associated with one or several child and parent characteristics. In conclusion, the 'unhealthy' patterns in 1999 and in 2007 showed similarities with regard to loadings of food groups and were, at both time points, associated with sex, breastfeeding at 12 months of age, parity, maternal age and maternal work situation.
Infant and childhood nutrition influences short-and long-term health. For example, breastfeeding has been associated with a reduced risk of overweight and obesity later in life (1) . Furthermore, it has been found that health behaviours established early in life, such as dietary patterns, may persist over time (2, 3) . Associations between diet and health have traditionally been examined through exploring the relationship between a disease and a single or a few nutrients or food groups (4) . However, as foods are consumed in combinations and consist of a variety of nutrients, it is challenging to evaluate the role of individual nutrients or food groups in isolation (4, 5) . A complementary approach to more traditional analyses is to analyse dietary patterns. Dietary patterns may be defined theoretically, empirically or using a combination of these two methods (5, 6) . In a theoretical approach, nutrients and/or foods are grouped according to present nutritional knowledge (a priori methods) like diet indexes or scores. In an empirical approach, nutrients and/or foods are reduced into a smaller number of variables through statistical methods (data-driven methods) such as principal components analysis (PCA) or cluster analysis. A third option is a combination of the a priori approach and the data-driven approach such as reduced rank regression (4, 5) . Interestingly, it has been found that 'healthy' dietary patterns (derived using a data-driven approach) are consistent with diets that would score high on a healthy eating index (theoretically derived) (7) . In addition, similarities have also been found between dietary patterns derived by PCA and cluster analysis (8) . Knowledge of associations between dietary patterns and socio-demographic characteristics is important when developing strategies for promotion of healthier dietary habits among preschool children. There is limited information on dietary patterns and associations between dietary patterns and socio-demographic characteristics among preschool children. A review by Smithers et al. (7) identified fourteen papers using PCA to derive dietary patterns, and only six of these reported relationships between dietary patterns and sociodemographic characteristics (3,9 -13) . Information about dietary patterns among Norwegian preschool children is scarce.
Based on data from two large national dietary surveys among the Norwegian 2-year-olds in 1999 (14) and in 2007 (15) , the present study explores dietary patterns, identified by PCA at two time points, and investigates their association with sociodemographic characteristics as well as other relevant child and parent characteristics.
Materials and methods

Subjects
In 1999 and 2007, Statistics Norway established samples of 3000 and 2984 Norwegian 2-year-olds, respectively. The samples in 1999 and in 2007 included all children born in Norway during a 3-week period in March 1997 and in September 2005, respectively, to mothers born in Norway, Sweden or Denmark. If the child was a twin or a triplet, the mothers/parents were asked only to include the oldest. Informed consent was obtained from the mothers/parents. Those who gave a written refusal to participate were not contacted any further. In 1999, the sample consisted of 1720 children (57 % response rate), while the sample in 2007 consisted of 1674 children (56 % response rate). The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the Regional Committees for Medical Research Ethics.
Design
A similar study design was used in 1999 and in 2007. The 1999 study was carried out in February -July, while the 2007 study was carried out in August-October. The mothers/parents received an invitation letter and a semi-quantitative FFQ (SFFQ) by mail, about 2 weeks before the child turned 2 years. In 1999, the mothers/parents received one combined thanks/ reminder letter and one reminder with the questionnaire enclosed. In 2007, the mothers/parents were contacted once by telephone and received one reminder with the questionnaire enclosed. Those who returned a completed questionnaire were entered in a lottery. In addition, all who returned a completed questionnaire in 2007 received a recipe book.
Semi-quantitative FFQ
At both time points, diet was assessed with a SFFQ: in 1999 the SFFQ-1999 and in 2007 the SFFQ-2007. Mothers/parents were asked to complete the questionnaires as closely as possible to the child's second birthday. They were asked to keep the last 14 d in mind when filling in the questionnaire. Both questionnaires had been tested in pilot studies and subsequently revised; furthermore, the SFFQ-1999 and the SFFQ-2007 had been validated against 7 (16) and 4 d weighed records, respectively (17) . The SFFQ-1999 and the SFFQ-2007 and the differences between them are described in more detail elsewhere (14, 15, 18) . In brief, the SFFQ included questions about a wide range of food items grouped together according to the Norwegian meal pattern. The frequency alternatives varied from never/less than once per month to several times per d, the number of frequencies' alternatives (including the frequency 'never/less than') varied from five to eight in the two questionnaires. A photographic booklet including more than fifteen series of colour photographs with four differently sized portions ranging from small (A) to large (D) was used by the parents when reporting the amounts of food eaten. When no photograph was available for a food item, household units were used, e.g. slices, pieces and spoons. Compared with the SFFQ-1999, slight modifications were made to the range of frequency alternatives, some of the frequency options and the photographic booklet in the SFFQ-2007 (18) . In the present study, food items were combined into food groups based on characteristics of the diet among preschool children and merging of similar food items (both according to type of food items and nutrient content). For example, all types of cheese/cheese spreads were merged into one food group labelled 'cheese' (Table S1 , available online). Food groups were created as similar as possible to ensure comparability of the dietary patterns obtained in 1999 and 2007. The main questions on food items were the same in both surveys; however, the SFFQ-1999 included questions on 131 food items, while the SFFQ-2007 included 151 food items. Intake of dietary supplements was not included in the PCA analysis. Portion sizes were the same for most food items at both time points, and food intakes reported in both questionnaires were converted to daily intakes (g/d). A total of forty-six and forty-seven non-overlapping food groups were created for the SFFQ-1999 and the SFFQ-2007, respectively (Table S1 , available online). The food groups entered into PCA were in general normally distributed.
Child and parent characteristics
In both surveys, several child and parent characteristics were collected. These mainly concerned socio-demographic characteristics, but other characteristics, such as breastfeeding at 12 months of age and maternal smoking, were also included. In 1999, Statistics Norway provided information on the sex of each child, while in 2007 this was asked for in the SFFQ. Breastfeeding was reported in the SFFQ as how old (in weeks from birth to 7 weeks and in months from 2 to 24 months) the child was when breastfeeding was ceased. Breastfeeding at 12 months of age was categorised as yes (breastfeeding for 12 completed months) and no. The parity of the mother was categorised into three groups: one child, two children and three or more children. In 1999, Statistics Norway provided information on maternal age when the child was 2 years of age, while this was asked for in the SFFQ-2007. Maternal age, reported as a continuous variable, was categorised into # 24, 25 -34 and $ 35 years. Maternal marital status was coded as married/cohabitant and not married/ cohabitant. A total of ten categories of maternal work situation, when the child was 2 years of age, were combined into four categories: full time, part time, on leave and others (including mothers working at home/housewives, mothers on sick leave, unemployed, disabled, occupational rehabilitation, student or other work situations). Maternal and paternal educational levels were in the SFFQ-1999 and the SFFQ-2007 coded by seven and eight categories, respectively. For both questionnaires, the educational levels were combined into three categories: primary/secondary/comprehensive school, academy/college/university of #4 years and academy/ college/university . 4 years. In 2007, maternal smoking status was coded as smoker and non-smoker. The SFFQ-1999 did not elicit maternal smoking status. Geographical region was divided into six categories in both surveys: Capital and surroundings, East, South, West, Middle and North regions.
Statistical methods
Extraction of dietary patterns. To identify major dietary patterns among 2-year-olds, PCA was performed on the forty-six and forty-seven food groups obtained from the SFFQ-1999 and the SFFQ-2007, respectively. The analysis was conducted separately for each study year. Prior to conducting PCA, the suitability of the data for such analysis was assessed. The Kaiser -Meyer -Olkin statistic was 0·67 at both time points and greater than the cut-off value of 0·6 (19) . Moreover, at both time points, Barlett's test of sphericity was significant (P,0·001), supporting the suitability of the data for PCA. PCA is a data reduction technique, and aggregates food groups on the basis of the degree to which they correlate with one another (i.e. 'found to be consumed together in diet assessments') (5) . A challenging decision is to select the number of dietary patterns that best represent the data. One way of deciding this is by determining the break point in the scree plot (5) . However, this was inconclusive at both time points. Therefore, the number of dietary patterns was chosen primarily on the basis of the eigenvalue (explained variance). At both time points, the first four dietary patterns had reasonable interpretations and were chosen for further analysis. These four dietary patterns accounted for 20 % of the total variance at both time points. The remaining dietary patterns all had eigenvalues less than 1·6, and thus individually explained only a small fraction of the overall variance in the data.
To improve the interpretation of the dietary patterns, the four-factor solution was rotated by orthogonal (varimax) rotation. The varimax rotation method leads to large loadings on a few variables and small (or zero) loadings on the remaining variables. Output from the PCA analysis includes factor loadings for each food group within each dietary pattern, which can be understood as correlation coefficients. Although all loadings have been reported, the labelling of the dietary patterns was based on the type of food groups that loaded most heavily on each pattern. Food groups were considered to be heavily loaded on a dietary pattern if they had factor loadings $0·3. For each child, a score was created for each of the four dietary patterns. Each score has a mean of 0, and a high score indicates that a child's diet is more strongly associated with the corresponding dietary pattern.
Analysis of associations. The general linear model was used to explore if characteristics of the children and their parents were associated with the dietary patterns. A general linear model was formed for each dietary pattern, treating the corresponding scores as the dependent variable. The analysis was conducted separately for each study year. Included in the model were all characteristics of the children and their parents, as presented in Table 1 , with the exception of maternal smoking, which was only available for the 2007 data. P values less than 0·05 were considered statistically significant. All statistical analyses were performed by IBM w
SPSS
w Statistics, version 18.0 (IBM Corporation).
Results
Of the 1720 questionnaires returned in 1999, 1373 (80 %) had complete data on all characteristics. In the 2007 sample, 1472 out of 1674 (88 %) were complete. The analysis was based on complete cases. Table 1 presents the characteristics of the children and their parents. The participants in the 2007 survey differed from those in the 1999 survey in the following ways: parity was lower (P¼0·011) and maternal age greater (P¼ 0·000), and both maternal education (P¼ 0·000) and paternal education (P¼ 0·049) were higher. In addition, there were differences according to maternal work situation, where more mothers worked full time and fewer were in the category 'other' in the 2007 survey compared with the 1999 survey. Tables 2 and 3 summarise the dietary patterns extracted by PCA for the 1999 and the 2007 data, respectively. The dietary patterns are listed in the order they were extracted with their explained variance.
The 'unhealthy' pattern was, across time, characterised by food groups, with high loadings for sweet and salty snacks, ice-cream and puddings, sugar-sweetened drinks, hamburger buns, cakes and biscuits, fried potatoes, ketchup and pizza. This pattern explained 5·7 and 5·6 % of the variance in 1999 and 2007, respectively. At both time points, a type of healthy pattern was observed, which had high loadings for vegetables, pasta, rice, fish, poultry, water, fruits and berries. In 2007, high loadings were also observed for tomato soup/other soup, pancakes, pizza and cakes and biscuits, which are not readily associated with a healthy pattern. In 1999 this pattern accounted for 5·6 % of the variance, while 4·7 % of the variance was explained in the 2007 data. The 'bread and spread-based' pattern in 1999 (5·4 % variance) had high loadings for semi-and whole-grain bread, butter/margarine, meat, cheese and sweet spreads, and high negative loadings for porridge and unsweetened cereals. The 'traditional' pattern in 2007 (5·1 % variance) was characterised by high loadings for meat, potatoes, sauce, butter/margarine, semi-and wholegrain bread, fish, eggs, vegetables, stew with meat, vegetables and potatoes. The 'baby food' pattern in 2007 (4·2 % variance) was characterised by high loadings for porridge and unsweetened cereals, commercial baby food and sugar, and high negative loadings for semi-and whole-grain bread and cheese. Finally, the 'low-fat milk, pancakes, fruits and berries' pattern in 1999 (3·7 % variance) was characterised by high loadings for low-fat milk, pancakes, fruits and berries, including high negative loadings for full-fat milk. Tables 4 and 5 present adjusted mean scores for each dietary pattern and their associations with the child and parental characteristics. All dietary patterns were significantly associated with one or more of the characteristics.
Girls had significantly lower mean scores than boys on all dietary patterns in the 1999 sample. In the 2007 data, this was the case for the 'unhealthy' and the 'traditional' patterns.
Children breastfed at 12 months of age had, at both time points, a significantly lower mean score for the 'unhealthy' pattern compared with those breastfed for less than 12 months.
In both 1999 and 2007, significantly higher, and increasing, mean scores for the 'unhealthy' pattern were seen for the 2-year-olds of mothers with two or more children, compared with mothers with one child. A similar association was observed for the 'low-fat milk, pancakes, fruits and berries' pattern in 1999. Having more than one child was associated with a significantly higher mean score for the 'bread and spread-based' pattern in 1999 and a significantly lower mean score for the 'baby food' pattern in 2007.
Increasing maternal age was associated with a significant reduction in the mean score for the 'unhealthy' pattern in 1999 and in 2007. This was also seen for the 'bread and spread-based' pattern in 1999, while the mean score for the 'baby food' pattern in 2007 increased with increasing maternal age.
Maternal work situation was significantly associated with the 'unhealthy' pattern at both time points, the 'bread and spread-based' pattern in 1999 and the 'baby food' pattern in 2007. Compared with all other work situations, the highest score for the 'bread and spread-based' pattern in 1999 was seen among the 2-year-olds of mothers working full time; the highest score for the 'baby food' pattern in 2007 was found among the 2-year-olds whose mothers were on leave. For the 'unhealthy' patterns at the two time points, the lowest mean scores were observed among the 2-year-olds whose mothers were on leave.
Children of smoking mothers (2007 data) had a significantly higher mean score for the 'unhealthy' and the 'traditional' patterns compared with those of non-smoking mothers. Without adjustment for maternal smoking in the 2007 data, the associations between the 'traditional' pattern and maternal education was significant (b ¼ 20·13 (95 % CI 2 0·26, 20·003) and b ¼ 2 0·19 (95 % CI 20·34, 2 0·04)). Other mean scores without adjustment for maternal smoking showed only minor differences compared with the presented values in Table 5 .
Higher maternal and paternal educational levels were significantly associated with lower mean scores for the 'unhealthy' pattern and higher scores for the 'low-fat milk, pancakes, fruits and berries' pattern in 1999. In 2007, as paternal educational level increased, the mean score for the 'healthy' pattern significantly increased. Higher maternal education was significantly associated with lower mean scores for the 'baby food' pattern in 2007. Paternal education was also significantly associated with the 'baby food' pattern; however, there was no clear direction with regard to this association.
Discussion
Based on data from two large national dietary surveys among 2-year-olds in Norway in 1999 and 2007, four dietary patterns were identified each year. The 'unhealthy' patterns in 1999 and in 2007 were similar with regard to loadings of food groups; moreover, these patterns were at both time points associated with sex, breastfeeding at 12 months of age, parity, maternal age and maternal work situation. A positive relationship between the 'healthy' pattern and paternal education was found in the 2007 data.
Dietary patterns
Even if dietary patterns might be population specific, most studies of preschool children using PCA or cluster analysis have identified a type of healthy, unhealthy and traditional pattern (7) . This is in line with the findings in the present study.
In the Norwegian Mother and Child Cohort Study (MoBa), an 'unhealthy' and a 'wholesome' dietary pattern among both 18-month-old and 3-year-old children have been found (13, 20) . These patterns are comparable with the 'unhealthy' and 'healthy' patterns derived in the present study, as 'unhealthy' patterns were characterised by fatty and sugary food items, while the 'wholesome' or 'healthy' patterns included fish, rice, pasta, vegetables and fruits. The FFQ used in the MoBa include less than forty food items, and this may explain why only two patterns were derived in the MoBa study compared with four patterns derived at each time point in the present study. 
Primary, secondary school and comprehensive school (n 6 8 1 )
Primary, secondary school and comprehensive school (n 7 4 4 ) 0 0 0 0 Academy/college/university (# 4 years) (n 339) 2 0·21 2 0·34, 2 0·08 0·17 0·00, 0·33 2 0·09 2 0·23, 0·05 0·11 2 0·03, 0·24 Academy/college/university (. 4 years) (n 290) 2 0·33 2 0·49, 2 0·18 0·09 2 0·05, 0·23 0·06 2 0·10, 0·23 0·20 0·04, 0·36 P , 0·0001 0·131 0·179 0·042
* Including mothers working at home/housewives, mothers on sick leave, unemployed, disabled, occupational rehabilitation, student or other work situations. 
Primary, secondary school and comprehensive school (n 534) 0 0 0 0 Academy/college/university (# 4 years) (n 530) 2 0·06 2 0·19, 0·07 2 0·10 2 0·23, 0·04 0·06 2 0·07, 0·19 2 0·13 2 0·26, 0·00 Academy/college/university (. 4 years) (n 408)
Primary, secondary school and comprehensive school (n 754) 0 0 0 0 Academy/college/university (# 4 years) (n 350) 2 0·07 2 0·20, 0·06 0·01 2 0·13, 0·14 0·14 0·01, 0·27 2 0·15 2 0·29, 2 0·02 Academy/college/university (. 4 years) (n 368) 2 0·13 2 0·27, 0·01 2 0·13 2 0·28, 0·01 0·19 0·05, 0·34 0·05 2 0·10, 0·19 P 0·167 0·141 0·019 0·020
* Including mothers working at home/housewives, mothers on sick leave, unemployed, disabled, occupational rehabilitation, student or other work situations.
Associations with the 'healthy' and the 'unhealthy' patterns Among adults, higher education, age and income have often been reported to be associated with more healthy dietary patterns (6, 21) . While healthier eating habits among preschool children have been associated with higher maternal education and/or age (3, 10, 11, 13) , we found a positive relationship between the 'healthy' pattern and paternal education in the 2007 data. No association was seen between parental education and the 'healthy' pattern in the 1999 data. Surprisingly, girls had significantly lower scores on the 'healthy' pattern than boys in 1999. This is in contrast to what was identified among the 18-month-old children in the MoBa study (13) and 3-year-olds participating at the large prospective birth cohort, the Avon Longitudinal Study of Parents and Children (the ALSPAC study) (10) . Girls had significantly lower scores than boys for the 'unhealthy' pattern in both 1999 and 2007. This finding is supported by the results among the 4-and 7-year-olds in the ALSPAC study, showing that girls had a lower mean score for the 'junk' pattern compared with boys (11) . The 'unhealthy' pattern was, at both time points, negatively associated with maternal age and positively associated with number of children. These associations are in line with those found with the 'junk' pattern in the ALSPAC study (10, 11) , the 'unhealthy' pattern among the 18-month-olds in the MoBa study (13) and the 'adult food' pattern (characterised by high loadings for white bread, savoury snacks, biscuits and chips) among the 12-month-olds in the Southampton Women's Survey study cohort (3) . In our data from 1999, negative associations were also seen between increasing parental education and the 'unhealthy' pattern. In the data from 1999 and 2007, those breastfed at 12 months of age had a significantly lower mean score for the 'unhealthy' pattern. In the Southampton Women's Survey study, a similar association was seen among the 12-montholds, where the dietary pattern labelled 'adult foods' was inversely associated with intake of breast milk (3) . We did not find a positive association between the 'healthy' patterns and breastfeeding in the present study, while such an association was found in a study including a national sample of 2287 Australian 2-to 8-year-old children (22) .
A positive association between maternal smoking and a type of unhealthy dietary pattern among preschool children has been observed by others (3, 10, 13) . A similar association was seen in the 2007 data of the present study. The associations between maternal work situation and the 'unhealthy' pattern observed at the two time points are difficult to compare with findings from other studies, as maternal work situation is differently categorised. In the ALSPAC study (10, 11) , children of employed mothers had a significantly higher mean score for the 'junk' pattern compared with unemployed mothers.
Associations with other dietary patterns
For the 'bread and spread-based' pattern in 1999 and the 'traditional' pattern in 2007, a significantly lower mean score was observed for girls compared with boys. In the ALSPAC study, boys had a significantly lower mean score for the 'traditional' pattern compared with girls (10, 11) . We observed a significantly higher mean score for the 'traditional' pattern among 2-yearolds of smoking mothers compared with those of non-smoking mothers in 2007. This was also seen among the 3-year-olds in the ALSPAC study (10) . The mean score for the 'low-fat milk, pancakes, fruits and berries' pattern significantly increased with parity and the level of parental education; in addition, girls had a significantly lower score for this pattern compared with boys. This pattern had negative loadings for full-fat milk, suggesting a type of health consciousness reflected by this pattern as well. The most comparable pattern with the 'baby food' pattern in 2007 is the 'baby jar' pattern observed among the 6-month-old infants in the Southampton Women's Survey study (3) , where an independent, yet small, association was only found with maternal age.
Strengths and limitations
Strengths of the present study are the use of validated SFFQ covering a wide range of food items, including portion size on all food items, and the recall period according to dietary habits was short, as parents were asked to keep the last 14 d in mind. Data on breastfeeding were also collected retrospectively, within a maximum of 24 months after termination. According to Li et al. (23) the recall of breastfeeding can be expected to be reliable, as the recall period is shorter than 3 years. Of course, we cannot fully exclude recall error with regard to dietary habits or breastfeeding. Differences in patterns, loadings in patterns and associations between patterns and child and parent characteristics at the two time points may be due to the significant differences between the populations participating in the study in 1999 and in 2007, which might reflect the differences between the general population in Norway in 2007 and that of 1999 (14, 15) . In six out of eight patterns in the present study, girls had a significantly lower mean score compared with boys. This may be caused by girls consuming less food compared with boys, and that the present analysis has been driven by the volume of food intake per d. Moreover, the study of 1999 was conducted during the winter/spring months, while the study of 2007 was conducted during autumn. However, except for oranges, there are no reasons to believe that seasonality has contributed to the differences, as the food items asked about in the two questionnaires are available all through the year in Norway. We cannot exclude the possibility that the reported intake of food items in 1999 and in 2007 are affected by the differences in the questionnaires used at each time point (18) .
We chose to present data unadjusted for energy intake. When the data were analysed with energy adjustment, the Kaiser -Meyer-Olkin was close to zero (less than 0·03). Even if the correlation between maternal and paternal education was 0·5, we chose to include both maternal and paternal educational level in the analysis, as these variables may represent different influences on the dietary patterns of the 2-year-olds.
In conclusion, four dietary patterns were identified in 1999 and in 2007. The 'unhealthy' patterns identified in both years were similar with regard to loadings of food groups and were, at both time points, associated with sex, breastfeeding at 12 months of age, parity, maternal age and maternal work situation.
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